Abstract. The aim of the present study was to investigate the expression of c-erbB-2 and macrophage migration inhibitory factor (MIF) in endometrial cancer and to elucidate the significance of the early diagnosis and prognosis of endometrial cancer. The gene copy number of c-erbB-2 and MIF was characterized by reverse transcription quantitative polymerase chain reaction and the reactivity was assessed by immunohistochemistry in 70 patients using a polyclonal antibody, and evaluated semiquantitatively according to the percentage of cells demonstrating membranous or diffuse cytoplasmic staining. A correlation between age, tumor stage, grade, myometrial invasion and lymph node metastasis was observed. The mRNA expression of c-erbB-2 and MIF was high in endometrial carcinoma. The positive expression rate of MIF protein in normal endometrium, atypical hyperplasia and endometrial carcinoma significantly increased along with the degree of aggravation of the disease by 20 (3/15), 45 (9/20) and 70% (35/50), respectively. The positive expression of MIF and c-erbB-2 was highest in endometrial cancer and a significantly higher level of protein was observed in tumors at stage I, stage G1, with a depth of myometrial invasion <0.4 cm and no lymph node metastasis. The protein expression of c-erbB-2 in endometrial cancer was higher in tumors at the G2-3 phase, clinical stage III-IV, lymph node metastasis, and had no association with the depth of myometrial invasion and age. MIF and c-erbB-2 were correlated with the occurrence and the development of endometrial cancer, and thus can be used for the early diagnosis and prognosis of endometrial cancer. The present study laid the foundation for identifying new treatments for endometrial cancer.
Introduction
Endometrial carcinoma (EC) is the most common malignancy of the female reproductive tract. One of its symptoms is abnormal vaginal bleeding, which is similar to menstruation (1) . The main treatment method is surgical resection. Several surgical pathological features of endometrial cancer have been demonstrated to correlate with prognosis. These include histological grade, histological type, depth of myometrial invasion, cervical extension and the presence of metastatic disease (2) . The majority of patients are already in the advanced stage when they exhibit symptoms, leading to post-surgical relapse and a low survival rate. Therefore, methods for early diagnosis and improving prognosis are required. Non-estrogen dependent endometrial cancer has a poor prognosis, however, its pathogenesis is not clear, despite being associated with the abnormal expression of three types of genes, including oncogenes, tumor suppressor genes and DNA repair genes (3) . c-erbB-2, also termed HER-2/neu, is an oncogene in neuroblastoma cells, and is predominantly expressed in embryonic tissue and in certain normal adult tissues (4) . Its proto-oncogene is located on the long arm of chromosome 17 and encodes a transmembrane tyrosine kinase receptor that has similarities to the epidermal growth factor receptor. HER-2/neu overexpression may cause abnormal cell proliferation, thus resulting in the malignant transformation of cells. The development of tumor mechanisms of c-erbB-2 include the inhibition of apoptosis, the formation of tumor blood vessels via upregulating vascular endothelial growth factor and vascular permeability factor, and increasing tumor invasiveness by eradicating the anti-invasion barrier of body tissues. However, the exact mechanism remains to be elucidated. c-erbB-2 is overexpressed in various types of tumor, including breast cancer (20-30%), lung cancer (5) , gastric cancer (6) , tumors of the nervous system (7), kidney neoplasms (8) , oral squamous cell carcinoma (9) and ovarian cancer (10) . It has been demonstrated that c-erbB-2 can decrease tumor volume (11) and increase the survival rate in primary and secondary breast cancer (12) .
Macrophage migration inhibitory factor (MIF) is a soluble factor identified during the activation of T lymphocytes (13) . MIF is a unique protein, involved in inflammation, immune responses, cell growth and angiogenesis. MIF has been implicated in natural killer cell function, where it acts as an immunosuppressive cytokine through the inhibition of natural killer cell activity (13) . MIF is suggested to be important in the occurrence and development of tumors, by increasing cell migration (14) , proliferation (15) and angiogenesis (16) , and is also able to inhibit p53-mediated or mitochondrial apoptosis (17) . In addition, the pro-tumorigenic potential of MIF has been reported in glioblastoma multiforme (18, 19) , ovarian cancer (20) , gastric cancer (21) and non-small cell lung cancer (22) .
Previous studies have reported that c-erbB-2 and MIF are associated with the occurrence and development of tumors (23, 24) . In order to correctly identify that the targeted therapy of c-erbB-2 and MIF can benefit patients with endometrial cancer, the first and key step is to accurately detect the expression of c-erbB-2 and MIF in endometrial cancer. To the best of our knowledge, there are currently no studies on the correlation between MIF and c-erbB-2 expression in endometrial cancer. Consequently, in the present study, the expression of c-erbB-2 and MIF was detected in normal endometrial (NE), endometrial hyperplasia and endometrial cancer tissues by immunohistochemistry and reverse transcription quantitative polymerase chain reaction (RT-qPCR), and their role in the occurrence and development of endometrial cancer was discussed. Immunohistochemistry. Fresh tissue samples obtained by surgical excision were fixed in formalin and embedded in paraffin (Sigma-Aldrich, St. Louis, MO, USA) according to standard procedures. Sections (4 µm) of representative blocks from each case were deparaffinized, rehydrated and immunostained by the peroxidase method. Slides were then incubated for 30 min with primary monoclonal antibodies: Rabbit anti-human c-erbB-2 (dilution, 1:250; catalogue number, BS8245-006) and rabbit anti-human MIF (dilution, 1:250; catalogue number, BS6432-100) purchased from Beijing Boosen Biological Technology Co., Ltd. (Beijing, China). Control slides were incubated for the same period with non-immunized rabbit serum (negative control). Bound antibody complexes were stained for 10 min with 0.05% diaminobenzidine (Sigma-Aldrich). Sections were then briefly counterstained with hematoxylin (Sigma-Aldrich), mounted and examined under a Nikon Eclipse x400 microscope (Nikon, Tokyo, Japan). Positive MIF immunohistochemical staining was indicated by brown yellow granules in the cytoplasm or cell nucleus. Positive c-erbB-2 immunohistochemical staining was indicated by brown granules located in the cell membrane or cytoplasm. The expression intensity was determined by the degree of staining: No color (-); light color and positive cells <5% (+); moderate staining, with positive cells between 5 and 50% (++); dark staining, with >50% positive cells (+++). The expression of HER-2 and MIF was classified into two levels, namely, low (-or +) or high (++ or +++).
Patients and methods

Patients
RT-qPCR.
Following removing and cutting the uterus, a portion of the tissue (0.5x0.5 cm) was immediately scraped into a small EP tube with RNA preservation solution and stored in a deep-freezer (-80˚C) until assayed. Total RNA from cells was isolated using TRIzol reagent (Fuzhou Maixin Biotechnology Development Co., Ltd., Fuzhou, China) according to the manufacturer's protocol. Equal quantities of RNA were reverse-transcribed and qPCR analysis was performed using qPCR Master-mix [2 µl templated cDNA reverse transcriptase, 0.5 µl gene sense primers, 0.5 µl gene antisense primer, 10 µl Taq DNA polymerase (Shanghai Sangon Biological Engineering Technology & Services Co., Ltd., Shanghai, China), 7 µl deionized water 10X PCR buffer and 1 µl SYBR Green (Thermo Fisher Scientific, Inc.)]. All primers were synthesized by Shanghai Invitrogen Biotechnology Co., Ltd. (Shanghai, China). The gene sequences were as follows: MIF, forward 5'-GCA CAG CAT CGG CAA GAT-3' and reverse 3'-GAG TTG TTC CAG CCC ACA TT-5'; c-erbB-2, forward 5'-CTG AAC AAT ACC ACC CCT GTC-3' and reverse 3'-AGA TGT CCT TCC ACA AAA TCGT-5'; GAPDH, forward 5'-AGG TGA AGG TCG GAG TCAAC-3' and reverse 3'-CGC TCC TGG AAG ATG GTGAT-5'. PCR was performed in a PX2 thermacycler (Thermo Fisher Scientific, Inc., Waltham, MA, USA) The reaction conditions were as follows: Denaturation at 94˚C for 1 min; amplification and quantification: 30 cycles of 94˚C for 30 sec, 56˚C for 30 sec and 70˚C for 40 sec; melting curve: 70˚C for 7 min. The conditions for c-erbB-2 were the same as MIF and GAPDH except the annealing temperature was 55˚C. The relative quantity of each target gene mRNA to the housekeeping gene (GAPDH) was calculated as ΔCq, where ΔCq=Cq gene -GAPDHCq. The fold change of each target gene mRNA to the corresponding normal tissue was calculated as 2 (-ΔΔCq) , where ΔΔCq=ΔCq target gene of the experimental group -ΔCq target gene in the control group.
Statistical analysis. Data were analyzed using SPSS version 17.0 software (SPSS, Inc., Chicago, IL, USA). MIF and c-erbB-2 mRNA expression results of the three groups of tissues are presented as the mean ± standard deviation. Differences were analyzed using χ 2 test and the two genes in each group were compared using independent samples t-test.
The correlation between the expression of MIF protein and c-erbB-2 protein was analyzed using McNemar's test. The confidence interval was 95% and P≤0.05 was considered to indicate a statistically significant difference.
Results
Protein expression of c-erbB-2 and MIF.
Immunoreactivities were scored under a light microscope at a magnification of x400 and the mean percentage of tumor cells that demonstrated positive staining was assessed. c-erbB-2 and MIF protein were detected in NE, atypical hyperplasia and EC ( Fig. 1 ; Table I ). The positive rates of MIF protein in NE, atypical hyperplasia and EC were 20, 45 and 70%, respectively (P=0.03). c-erbB-2 protein was positive in four normal cases (26.7%), seven atypical hyperplasia cases (35%) and 32 EC cases (64%).
MIF protein expression was significantly lower in endometrial carcinoma with early FIGO stages (P=0.036), low grading G1 (P=0.013) and no lymphovascular invasion (P=0.012). c-erbB-2 expression was significantly lower in endometrial carcinoma with early FIGO stages (P=0.036), depth of myometrial invasion <0.4 cm (P=0.007) and no lymphovascular invasion (P= 0.012; Table II ). However, no statistically significant difference was identified between the expression of MIF and c-erbB-2 in different age groups. Subsequently, the protein expression of MIF and c-erbB-2 was analyzed (Table III) . When comparing MIF and c-erbB-2 protein expression with clinical stage, histological grade, depth of myometrial invasion and lymph node metastasis, it was found that MIF protein had a higher expression in tumors at stages I-II (χ 2 =6.632; P=0.01), grade G1 (χ 2 =11.064; P=0.001) and with no lymph node metastasis (χ 2 = 6.556; P= 0.01). By contrast, c-erbB-2 protein expression was higher in tumors at stages III-IV (χ 2 =4.800; P=0.024), grade G2-G3 (χ 2 = 6.788; P=0.009) and with lymph node metastasis (χ 2 =6.149; P= 0.013). In addition, no consistency was observed between MIF and c-erbB-2 (χ 2 =3.35; P<0.05; Table IV) .
mRNA expression of c-erbB-2 and MIF. DNA sequencing confirmed the amplification of the intended target sequence for MIF, c-erbB-2 and GAPDH. MIF mRNA and c-erbB-2 mRNA could be detected in all samples analyzed. GAPDH was used as the internal control gene for endometrial samples (Fig. 2) . Normalized expression levels of MIF differed among the samples: The normal endometrial cancer tissue was used as a control and atypical hyperplasia samples demonstrated an average expression value of 1.798±1.216, and EC samples had an expression value of 2.494±1.108. The c-erbB-2 mRNA expression value in the atypical hyperplasia and EC samples was 1.808±1.127 and 3.147±1.471, respectively. The MIF and c-erbB-2 mRNA expression levels were upregulated in EC samples, in comparison with in atypical hyperplasia and normal endometrium (P<0.05). MIF mRNA and c-erbB-2 mRNA levels were also analyzed according to the following parameters of EC samples: Age, clinical stage, histological grade, depth of myometrial invasion and lymph node metastasis (Fig. 3) . The analysis of MIF mRNA expression demonstrated no statistically significant difference in the age and depth of myometrial invasion (P>0.05). MIF mRNA overexpression appeared to correlate with lower aggressiveness: It was significantly associated with early FIGO stages, (P=0.001), low grading G1 (P=0.004) and no lymphovascular invasion (P=0.012). It was observed that c-erbB-2 mRNA levels had no difference in age (P>0.05). The analysis demonstrated that the levels of c-erbB-2 mRNA were higher in FIGO stages III-IV, grading G2-3, deeper invasion and lymphovascular invasion, compared with early FIGO stages, low grading G1, a depth of myometrial invasion <0. 4 
Discussion
Several studies have demonstrated that the c-erbB-2 gene is associated with the metastasis and invasion of breast cancer, which reflects the potential ability of local growth, invasion and lymphatic metastasis of this tumor (25, 26) . It may therefore be a detection index of early recurrence, shorter survival rate and prognosis. Another study demonstrated that c-erbB-2 had a significantly higher expression in breast cancer with bone metastasis (P=0.029) (27) . The study also demonstrated that c-erbB-2 contributed to tumor invasion and metastasis, and thus can be used as a prognostic indicator. A previous study confirmed that the angiogenic microvessel density was significantly higher in breast cancer patients with overexpression of c-erbB-2 protein, compared with the c-erbB-2 negative groups (P<0.05) (28) . Therefore, c-erbB-2 is an independent prognostic indicator in breast cancer.
The present study demonstrated that c-erbB-2 is associated with clinical stage, histological grade, lymph node metastasis (P<0.05), but not with age and depth of myometrial invasion (P>0.05). In addition, c-erbB-2 had a higher expression in tumors with FIGO stages III-IV, grade G2-3, deeper invasion and lymphovascular invasion. This was confirmed in a previous study (29) . Morrison et al analyzed 110 cases of endometrial cancer and the experimental results demonstrated that c-erbB-2 was correlated with histological grade (the positive rate of G1 tumor was significantly higher than G2 and G3 tumor), but not with age, clinical stage, histological type or the depth of Table II . Association between the protein expression of MIF and c-erbB-2 and the pathological characteristics of endometrial carcinoma. myometrial invasion (30) . In regards to the high expression level in G1, this study contrasts with the results of the present study.
c-erbB-2 MIF Clinical -------------------------------------------------------------------------------------------------------------------------------------------------------------
To the best of our knowledge, there is only one study focusing on MIF in endometrial cancer: Bondza et al found that MIF treatment significantly stimulated vascular endothelial growth factor expression in a dose-and time-dependent manner in EC (31) . A previous study associated MIF with tumor growth and progression by stimulating tumor-associated angiogenesis, but not in endometrial cancer. Hagemann et al observed that MIF was strongly expressed in malignant ascites, and that MIF generated by ovarian cancer cells could stimulate the expression of cytokines, chemokines and tumor angiogenesis factors, and contribute towards the vascularization and angiogenesis of tumors (32) . The authors found that MIF was strongly expressed in malignant ascites, which suggests that MIF autocrine generated by ovarian cancer cells stimulated other cytokines, chemokines, angiogenesis factor, and contributed to the vascularization and angiogenesis of the tumor (32). Nishihira et al concluded that MIF is closely associated with tumor growth and angiogenesis through the treatment of mice colon cancer cells with the antisense MIF gene (33) . This study demonstrated that MIF can promote tumor angiogenesis, growth, invasion and metastasis.
The presence of MIF mRNA and protein could be observed in all endometrial samples. The overexpression of MIF mRNA and protein is associated with low histological grade, early FIGO stages and no lymphovascular invasion (P<0.05). Similarly, previous studies found that MIF overexpression correlates with lower aggressiveness and was significantly associated with early FIGO stage, low grading G1-2, no lymphovascular invasion and confirms the data reported by other authors on other tumor types (21, 34, 35) . This suggests that, in patients with endometrial cancer, the upregulation of MIF may be associated with the inhibition of metastatic spread.
Finally, the correlation between MIF and c-erbB-2 was analyzed and no significant association was found between them (χ 2 =3.35; P>0.05). In the mouse model of HER2-driven breast cancer, Schulz et al concluded that HER2 overexpression can inhibit MIF activity (36) . The present study failed to come to this conclusion. Since the amount of endometrial hyperplasia is not sufficient, the samples can not be divided into groups of more detail, and thus the association between the expression of MIF and c-erbB-2 in endometrial hyperplasia cannot be confirmed.
To the best of our knowledge, the present study is the first to focus on the conjoint analysis of MIF and c-erbB-2 by RT-qPCR and immunohistochemistry. In our population study, the results are consistent between these two types Table III . Comparison between the protein expression of MIF and c-erbB-2 and the pathological characteristics of EC. Table IV . Correlation between MIF and c-erbB-2. of test. MIF and c-erbB-2 were overexpressed in endometrial cancer samples suggesting that MIF and c-erbB-2 are involved in the occurrence and development of tumors. It is hypothesized that the imbalance in the expression of MIF and c-erbB-2 could be a possible critical step in the progression of endometrial cancer. Although this hypothesis needs to be confirmed in a larger number of cases, it may be clinically relevant. These data suggest that overexpression of MIF and c-erbB-2 is associated with the occurrence and development of endometrial cancer. The upregulation of MIF may be associated with the inhibition of metastatic spread, however, upregulation of MIF may promote tumor progression. In conclusion, MIF and c-erbB-2 are correlated with the occurrence and the development of endometrial cancer, and thus can be used for the early diagnosis and prognosis of endometrial cancer. However, the detailed functional significance of MIF and c-erbB-2 in endometrial cancer remains to be determined. Taken together, the current aim is to identify new prognostic factors to customize adjuvant therapies and new targets for anticancer therapies. Figure 3 . Abscissa indicates pathological characteristics, the vertical axis represents gene content. The expression of MIF (blue) and c-erbB-2 (red) in endometrial carcinoma was compared with pathological characteristics, including age, FIGO stage, histological grade, depth of myometrial invasion and lymph node metastasis. The two genes in each group were compared using an independent samples t-test. MIF overexpression is significantly associated with characteristics of low invasiveness, including early stage, low grading and no lymphovascular invasion (P<0.05), whereas c-erbB-2 mRNA levels were higher in tumors with FIGO stages III-IV, grading G2-3, deeper invasion and lymphovascular invasion, compared with tumors with early FIGO stages, low grading G1, depth of myometrial invasion <0.4 cm and no lymphovascular invasion. MIF, macrophage migration inhibitory factor; FIGO, International Federation of Gynecology and Obstetrics. , where ΔΔCq=ΔCq target gene of the experimental group -ΔCq target gene in the control group. Blue indicates MIF gene content, red shows c-erbB-2 gene expression. The data are presented as the mean ± standard deviation and their differences were analyzed using χ 2 test, P≤0.05 was considered to indicate a statistically significant difference. The MIF mRNA (red) and c-erbB-2 mRNA (blue) expression levels (fold increase relative to GAPDH) were all upregulated in EC compared with in endometrial hyperplasia and NE (P<0.05). MIF, macrophage migration inhibitory factor; NE, normal endometrium; EC, endometrial carcinoma.
